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THE  VALUE  OF  MALLORY'S  CONNECTIVE  TISSUE 
STAIN  FOR  THE  DEMONSTRATION  OF  VARIA- 
TION  IN  THYROID  COLLOID.* 
BY  A.  P.  JONES,  M.D. 
(From  the Pathological  DepartmeJzt of  the  University  of  Wisconsin,  Madison.) 
The present series of experiments was undertaken to explain cer- 
tain  changes observed by  Bunting  and  Brown  1  in  the thyroids of 
rabbits  f,ollowing bile  intoxication.  In  some  of  the  animals  they 
found  the  colloid  of  the  thyroid  extensively  vacuolated  and  pale 
staining, and in a  few cases they found empty or half empty alveoli 
in glands which were histologically normal or showed colloid goitre. 
The experiments of Bunting and Brown were repeated and simi- 
lar  results  were obtained,  but  no extensive or constant  outpouring 
of  colloid  was  observed,  though  the  colloid  frequently showed  a 
pale  eosin-staining.  It  soon became apparent  that  a  more reliable 
method  and  one  easier  to  interpret  than  the  varying  intensity  of 
eosin-stairLing must be  found  to  indicate  what change,  if any, had 
taken place. 
With  the  idea  in  mind 'that  the  outpouring  of thyroid secretion 
following intoxication was the most probable  explanation,  I  sought 
a sta~ining method which would differentiate the presence or absence 
of the thyro-iodin in the thyroid colloid.  Practically all  the more 
familiar staining methods,  and variations of them,  were tried,  fol- 
lowing  fixation  by alcohol,  formalin,  saturated  bichloride of mer- 
cury, and Zenker's fluid.  It was  found that,  following fixation by 
Zenker's fluid or bichloride,  the colloid showed,  w,  ith  variations  of 
conditions, a variable affinity for the different elements of Mallory's 
connective tissue stain. 
* Received  for  publication,  March  IO,  I9I 3. 
i Bunting, C.  H.,  and  Brown,  W.  H.,  /our. Exper. ,'tied., 1911, xiv,  445. 
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A  slight  modification  of  the  method  described by  Mallory  and 
Wright  2 was found to give the best results.  This moc~ification con- 
sists  in  omitting the acid  fuchsin and  staining only with the mix- 
ture  of  orange  G  and  anilin-blue.  Constant  staining  conditions 
were  maintained  throughout  the  .experiments,  and  frequently,  to 
insure  identical  treatment,  sections  of  both  control  and  autopsy 
portions of the thyroid were placed on the same slide. 
The microscopical picture is constant and clear cut, ,and from the 
experiments here reported it can be stated definitely that the colloid 
which contains  iodothyrin stains  with  anilin-blue,  and  that  which 
does not stains with  orange G.  Both  staining reactions can.often 
be seen in the colloid of the same alveolus. 
This staining reaction apparently depends on the fact that orange 
G has a  greater affinity for the colloid than has the anilin-blue, but 
is decolorized by iodin or the mercuric salts  of iodin,  while anilin- 
blue is  not affected by i.odin and therefore stains  the iodin-contain- 
ing  colloid.  This  can  be  demonstrated  in  vitro.  If  a  drop  of 
tincture  of  iodin  is  added  to  a  dilute  solution  of  orange  G,  the 
solution becomes colorless, and thi,s clearing up is  greatly hastened 
by the addition  of a  drop  of  saturated bichloride  of mercury.  A 
similarly  prepared  solution  of  anilin-blue,  on  the  other  hand,  is 
unaffected by iodin and bichloride.  Further proof that,  {ollowing 
this  technique, blue staining colloid indicates the presence of iodo- 
thyrin, and .orange staining colloid its absence, is given by the com- 
parison of the staining reaction of thyroids with their .iodin content 
chemically determined. 
It mus.t be borne in mind that the stain  indicates only the thyro- 
iodin  of the  colloid and  gives  no  evidence of  that  in  the  thyroid 
tissue.  Also different parts of the gland may vary in structure, and 
therefore this method is more accurate in smaller thyroids where a 
conception of the whole .may be gained by a few sections.  This may 
account for the apparent exceptions seen in table I, as both human 
and dog tissue were used.  A,s a  means of indicating the staining 
results,  an estimate is made in each case of the total  area of 'blue 
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staining and of orange staining colloid, and is represented as blue 2, 
orange  I;  blue  I,  orange  IO;  all  blue,  etc.  The  method  of  iodin 
determin'ation  is that  described by Marine  and  \Villiams. a 
TABLE  I? 
Tissue.  Histological  examination.  Staining.  Iodin content per gin. of 
dried thyroid. 
H  689 
H  690 
H  691 
H  692 
A  233 b 
A  234  b 
CI 
C2 
C3 
C4 
C5 
Colloid goitre 
Colloid hyperplastlc 
Angiosarcoma 
Colloid goitre 
Colloid hyperplastic 
Early colloid goitre 
Hyperplastic 
Hyperplastic 
Hyperplastic 
Hyperplastie 
Colloid goitre 
All blue 
Blue Io (pale), orange  x 
Orange IO, blue x 
Blue 2, orange i 
(many empty alveoli) 
Blue I, orange I 
Blue i, orange i 
All  orange 
Orange io, blue I 
Orange 20,  blue i 
All orange 
Orange io, blue i 
2.28 rag. 
0.34  mg. 
0.08  rag. 
0.54 mg. 
2.77  rag. 
1.62 rag. 
o.15  rag. 
0.27  mg. 
o.69 rag. 
o.2I mg. 
0.66  rag. 
In table I  specimen H  690 appears  to present an exception to the 
rule,  but  this  is  explained  by the  fact  that  while the  blue  staining 
colloid predominates the stain  is everywhere extremely pale, so that 
the low iodin content is not remarkable.  Additional  evidence as to 
the reliability of the stain is shown by table II  of the iodin-feeding 
experiments.  In  these  experiments  a  control  portion  of  thyroid 
was removed under anesthesia, the rabbits were fed potassium iodide 
or thyroid extract in capsules for varying lengths  of time, and  then 
a  second  portion  was  removed,  or  the  animal  was  killed  and  the 
whole thyroid removed.  Sections from the portions removed before 
and ,after  iodin  feeding were then  stained  and  compared,  with  the 
results given in table II. 
It  is  seen  that  in  every case  the  area  of blue  staining  colloid  is 
greatly  increased  after  the  feeding of  iodin.  In  experiment  T  34 
the control portion showed not only a great Predominance of orange 
s Marine, D., and  Williams, W.  W.,  Arch.  Int.  Med.,  I9o8, i, 349. 
4 For  the  first  six  of  the  specimens  I  am  indebted  to  Dr.  David  Marine,  of 
the  Lakeside  Hospital,  Cleveland.  The  iodin  determinations  were  made  by  him 
and  sent to  Dr.  Bunting,  who compared them with the  estimates obtained  by the 
staining method.  For the  remaining specimens reported  in  the  table,  both  stain- 
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staining colloid, but also a histological picture indicating a  state of 
activity,  while  the  portion  removed  after  iodin  feeding  showed, 
besides  the  cha,nge  of  the  colloid  to  blue  staining,  a  histological 
change to  the resting,  or colloid goitre  stage.  This change to  the 
resting stage  following iodin  feeding has been repeatedly observed 
by Marine. 
TABLE  II. 
Tissue.  Staining of control.  Iodin feeding.  Staining at autopsy. 
T  34 
T37 
T  4x 
T  42 
JT z 
JT2 
Blue z, orange 5 
Blue I, orange z5 
Blue I, orange 2o 
Blue  x, orange  5 
Blue  z, orange  5 
Blue  i,  orange  6 
2o  gr.  potassium  iodide  daily 
for 4  doses 
IO  gr.  potassium  iodide  every 
zo hrs. for 3  doses 
zo  gr.  potassium  iodide  daily 
for 4  doses 
Io  gr.  potassium  iodide  daily 
for 4  doses 
z.8  gm.  thyroid  extract  in  5 
days 
1.8  gm.  thyroid  extract  in  5 
days 
Blue 8, orange t. 
Blue  z,  orange 6. 
Blue  z,  orange io. 
Blue 3, orange z. 
All blue. 
All blue. 
Soon ,after beginning to  use this  stain,  it  was  observed that  any 
shock to the rabbit, such as prolonged anesthetization, severe opera- 
tion, or convulsions, caused a diminution of the blue staining colloid 
and a corresponding increase in the orange staining area.  This was 
interpreted to mean an outpouring of thyroid secretion.  Therefore, 
by arguing backwards  from the  symptoms of  exophthalmic goitre 
where hyperactivity of the  thyroid is  followed or  accompanied by 
tachycardia and muscular tremor, an attempt was made to determine 
the  effect  of  tachycardia  and  excessive  muscular  action  on  the 
thyroid. 
TABLE  III. 
Section  of  Both  Vagi. 
No. of  Staining of 
experiment,  control. 
T  30  ........................  All  blue 
T  3I  ........................  All  blue 
T  36  ........................  All  blue 
T  39  ........................  All  blue 
T  40  ........................  Blue  5,  orange  z 
Staining at 
autopsy. 
All  orange. 
Blue  5,  orange  I; 
many  alveoli  empty. 
Orange  2o,  blue  I. 
Orange  4,  blue  I. 
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For  the production of tachycardia,  rabbits  were anest'hetized,  a 
control portion of thyroid was removed, and both vagi were cut as 
low down in the neck as possible, so as to avoid the nerve supply of 
the gland.  The animals lived from twenty-four to forty-eight hours 
after operation,  dying finally from lung invoh,  ement.  The  results 
were constant and striking. 
The  experiments  with  prolonged  or  excessive  muscular  action 
have not yet been completed and will be reported later. 
From the above experiments the conclusion seems warranted that 
greatly  increased  activity  of  the  heart  is  accompanied by  an  out- 
pouring of iodothyrin  from the thyroid colloid.  The experiments 
with excessive muscular ac'tivity which have been so far carried out 
give  similar  evidence.  In  this  connection may be  mentioned  the 
case of a  dog that had been previ.ously used for experimental pur- 
poses,  the experiment being carried on  for a  period  of  four hours 
with  the  animal  under ether anesthesia.  The  thyroid of  this  dog 
showed l'arge vesicles filled with  colloid which was  almost  entirely 
orange staining, and the chemical analysis showed an extremely low 
iodin content. 
It is  not within the province of this  paper  to  attempt  to  discuss 
the function of the thyroid, but the experiments cited seem to show 
a  relation between the  outpouring  of  iodothyrin  from the  thyroid 
colloid, and the increased muscular action.  The experiments seem 
to indicate further that the colloid of the follicle serves as a  matrix 
or menstruum  for the storing  of the  iodin-containing principle of 
the gland in much the same way as  the hemoglobin is  held by the 
stroma of the erythrocyte.  However,  the complete outpouring  of 
the colloid .of the alveoli,often observed in experimental work on 
the rabbit, but due to factors not yet ascertained, might indicate that 
in the colloid itself are  further important secretions .of  the thyroid 
cells, or else that it is the means of rendering available to the organ- 
ism the last vestige of iodothyrin held in the acini. 
In =conclusion  I  wish  to express my thanks  for the criticisms of 
Dr.  C.  H.  Bunting,  at  whose  suggestion  the  experiments  were 
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CONCLUSIONS. 
I.  Mallory's connective tissue stain used in connection with fixa- 
tion of  tissue  by  Zenker's fluid or bichloride  of mercury demon- 
strates  the presence or ~bstence of iodin  in  the 'thyroid colloid,  as 
is evidenced by parallel chemical determinations, iodin feeding, and 
test-tube experiments. 
2.  Greatly increased activity of the heart is accompanied by a loss 
of thyro-iodin from the colloid of the thyroid. 
3-  This  method, while apparently not  adaptable  to  clinical use, 
may prove of value in further experimental work on the thyroid. 